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Abstract 
A Pd/ZnO sample prepared by the polygonal barrel-sputtering method was tested for the performance in 
methanol steam reforming in comparison with a similar sample from a conventional wet process.  
Transmission electron microscopy (TEM) showed that sputtering produced smaller and more uniformly 
sized Pd nano-particles than the wet process.  Steam reforming of methanol was conducted by supplying a 
gaseous mixture of methanol + H2O + Ar.  In the experiment with the polygonal barrel-sputtering method, 
H2 generation started at a lower temperature (80 °C) than that for the wet process (100 °C).  In addition, 
H2O was scarcely consumed at both of the samples when H2 was generated at < 100 °C.  These results 
suggested that the sputtering preparation allowed direct decomposition of methanol to occur easily at less 
than 100 °C, as supported by the observed relationship between the CO/CO2 generation ratio and the 
reaction temperature.  It should be noted that the smaller Pd particle sizes for the sputtering method were 
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n = 202 
(Average size: 2.4 nm)
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n = 100 




Figure 1 (I) Typical TEM images and (II) particle size 
distribution of (A) (BS)-Pd/ZnO and (B) (IW)-Pd/ZnO ([n]: 
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 CH3OH + H2O → 3H2 + CO2      (1) 
 CH3OH → 2H2 + CO      (2) 





 CH3OH45 (%) = (CH3OH9:;#)/( CH3OH<=;#) × 100 (4) 
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 H2E (%) = (H2C~;#)/(CH3OH<=;#) × 1/3 × 100  (5) 
 H2O9: (%) = (H2O9:;#)/(H2O<=;#) × 100  (6) 
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 COC~ (%) = (COC~;#)/(CH3OH<=;#) × 100  (7) 
 CO2C~ (%) = (CO2C~;#)/(CH3OH<=;#) × 100  (8) 
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Figure 2 (A) CH3OH conversion ratio, (B) H2
yield, and (C) H2O consumption ratio for 
methanol steam reforming reaction on Pd/ZnO 
catalysts as a function of reaction temperature. 
The inset in (B) shows the magnified graph at 
less than 100 °C. 


























































































































Table 1 Relationship between methanol steam reforming temperatures and average 
sizes of Pd particles in Pd/ZnO catalysts. 
Sample Reaction temperature / °C Average Pd particle size
1)
 / nm 
(IW)-Pd/ZnO Before 3.8 
 280 4.4 
(BS)-Pd/ZnO Before 2.4 
 150 2.3 
 200 3.2 
1) These data were estimated by averaging the sizes of more than 100 randomly 
chosen particles from TEM images. 
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Figure 3 CO and CO2 generation ratios for methanol steam reforming reaction on Pd/ZnO catalysts as a
function of reaction temperature. 
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